The long-term use of copper in viticulture has caused great copper accumulation in vineyard soils, resulting in negative effects on the environment through toxicity to aquatic and soil organisms. The aim of this study was to investigate the copper content in vineyard soils, grapes and wines from Dealu Bujorului, Murfatlar, Tarnave, Iasi and Ştefăneşti vineyards. The ICP-MS method was used for copper determination in vineyard soil, grape must and wine. Copper concentration in red wine samples was significantly higher than in the white wine samples. Values for Transfer Factor and Mobility Ratio indicates that Vitis vinifera L. does not allow the accumulation of copper from vineyard soil in must grape and wine. The copper concentration in grapes, must and wine has been influenced by the copper concentration in soils, by copper fungicide used to protect the vine and by other factors such as the biological specificity of cultivars during growth.
Introduction
Among the processed crops, which include all agricultural and food products derived from their respective primary commodities, wine is one of the most important in the world (Brunetto et al., 2016) . The world viticulture regions are generally located in climatic areas that are, however, favourable to the occurrence of fungal diseases, including downy mildew (Plasmopara viticola). The regular use of copper (Cu) based fungicides (e.g. Cu sulfate, Cu oxychloride) to protect grapevine plants from these patogene agents has led to long-term accumulation of Cu in vineyard soils (particularly in the upper layers), reaching concentration that are far higher as compared to the trace amounts that are required for healthly plant growth (Pietrzak and McPhil, 2004 ) and in some circumstances, even exceeding the limits imposed by the EU for agricultural soils (Komárek et al., 2010) .
Besides Cu-containing fungicidal and bactericidal sprays, substantial Cu addition to soils can occur by the appliance of contaminated wastes (Liu et al., 2007) and/or mineral and organic fertilizers (Xiaorong et al., 2007) , including organic residues (e.g. pig and poultry and organic composts) (Couto et al., 2015) .
Copper (Cu) is one of the heavy metals of great concern in the wine industry Sun et al., 2017; Sun et al., 2018) . It should be emphasized that Cu is an essential element for plants and, by definition, it is necessary for an organism to function properly, since it plays key roles in several biochemical and physiological processes connected to plant growth and development (Yruela, 2005) . Since the end of the eighteenth century, copper (mainly the Bordeaux mixture) has been used to protect grapevines from fungal diseases (Sun et al., 2018) which represent a large threat to winegrowers, causing significant damage and severely reducing grapes and wine quality (García-Esparza et al., 2006) . Copper fungicides remain the most effective and most widely used fungicides for fungal diseases in viticulture (García-Esparza et al., 2006) . Additionally, the use of copper winemaking equipment (Volpe et al., 2009) and copper sulphate or copper citrate additives to eliminate H 2 S (García-Esparza et al., 2006) may increase the copper content in grape must and in wine.
Copper is an essential metal to nearly all organisms but has a very narrow optimum concentration range (Azenha et al., 2000; Ferreira et al., 2006; Sun et al., 2017) . Above the physiological concentrations, copper can have inhibitory or even toxic effects on cell metabolism (Robinson and Winge, 2010) . Copper rarely degrades or moves in arable soil layers, which causes copper enrichment in vineyard soils (Pirtzak and McPhail, 2004) . As a result, the long-term use of copper in viticulture has caused great copper accumulation in vineyard soils, resulting in negative effects on the environment through toxicity to aquatic and soil organisms (García-Esparza et al., 2006) . In the winemaking process, high copper concentration also affects the wine fermentation process and wine quality (Sun et al., 2017) . When the concentration of copper is greater than 20 mg/L, the growth of Saccharomyces cerevisiae (S. cerevisiae) is inhibited, which delays fermentation and reduce alcohol production (Sun et al., 2018) . Moreover, concentration above 1 mg/L in wine may cause copper casse, resulting in a turbid wine (Ferreira et al., 2006; Robinson, and Winge, 2010) . Additionally, a high copper concentration in wine can be harmful to the health of consumers, particularly in combination with other heavy metals such as iron, manganese, zinc, nickel, lead and scandium (Araya et al., 2003; Turnlundet al., 2004; Naughton and Petróczi, 2008) . Hence, the copper concentration in the wine industry has been regulated by European Community. The European Community (EC) has established a maximum permitted field dose of copper of 6 kg/ ha/year (EC No. 1410 (1996) ) and in Brazil (above 3000 mg/kg, Mirlean et al. (2007) ). Toxic effects of Cu on the microbial communities in vineyard soils have been revealed for concentrations of copper that exceed 150-200 mg Cu kg (Fernández-Calviño et al., 2010) .
The mechanisms of Cu transport in roots (micronutrient uptake) have been characterized in the last two decades (Sancenón et al., 2003; Wintz et al., 2003) . In particular, Cu transport protein 1 (COPT1) is thought to mediate most of the Cu uptake into cells, whereas other members of this protein family might mediate intracellular transport of Cu (Sancenónet al., 2003) . However, other transporters seem to be involved in this process, as for instance members of the Zn/Fe permeases (ZIPs) family, ZIP2 and ZIP4, have been shown to function as Cu-transporters in Arabidopsis thaliana (Wintzet al., 2003) . Moreover, Cu-PS (Cu-mobilizing phytosiderophose (PS)) might be taken up by grass roots via yellow stripelike (YSL) proteins (Marschner, 2011; Wintz et al., 2003) . This family of proteins seems to be also implicated in the transport of the chelate Investigation of the Copper Content in Vineyard Soil, Grape, Must and Wine in the Main Vineyards of Romania Cu-nicotianamine (Wintz et al., 2003) , which is presumably involved in the translocation of this micronutrient (allocation to the shoot). Other proteins have been shown to be involved in the transport of Cu across membranes; some P1Btype ATPase (HMA) transporters can transport either Cu 2+ or Cu + (Zimmermann et al., 2009) .
Although many regulatory limits exists, there are still numerous instances of higher Cu levels. García-Esparza et al. (2006) affirm that approximetely 13% of grapes and 18% of wines exceeded the maximum copper residue limit in Italy, while in southern Brazil, the maximum copper value registered in vineyard soils was as high as 3200 mg/kg, which is several times higher than the EC regulation limit of 140 mg/ kg (Mirlean et al., 2007) . These phenomena have also occurred in Jordan (Al Nasir et al., 2001) , Italy (Marengo and Aceto, 2003) , Australia (Sauvage et al., 2002) , Poland (Pohl and Sergiel, 2009 ), China (Sun et al., 2015) . In fact, in China, from 2014 to 2017, Chinese customs detained many batches of wines imported from Argentina, Spain, Chile, Cyprus, France, Ukraine and other countries due to excessive copper concentration (Sun et al., 2018) .
The aim of this study was to investigate the copper content in vineyard soils, grapes and wines from Dealu Bujorului, Murfatlar, Tarnave, Iasi and Ştefăneşti vineyards, which are the most important vineyards in Romania. Based on these results, it can be better understood the influence of copper pollution on wine production, thereby providing a potential strategy for improvement in the wine industry.
Materials and methods

Description of the sampling area
From the bio-pedo-climatic point of view, the Dealu Bujorului vineyard is placed on the forest steppe crossed by the 45° North latitude parallel (intersected by the 28° East longitude meridian). Under the social-economic aspect, this is a region with agricultural-cereal profile and is subdivided in terms of forest and wine and fruit-growing areas, with the vines occupying between 5 and 15% of the agricultural area. Through its geographic position, this vineyard connects the Fălciului Hills in the North and the Covurlui Vineyard in the South. The soils also exhibit an altitudinal zoning plan (corresponding to the morpho-bio-climatic one), from steppe chernozemic soils to leached forest steppe chernozemic soils and to forest luvisol. The Murfatlar Vineyard is located in southeastern Romania, namely in the South Dobrogea plateau, along the Carasu Valley, between the coordinates 44°10'-44°20' North latitude and 22°00'-28°30' East longitude on a VE distance of 45 km and an average NS width of 10 km. The soils are represented by steppe molisoils, namely chernozemic soils, which almost completely cover the large plateaus and the low-moderately aslope mountainsides. The Târnave Vineyard has the largest surface of the vineyards of the Transylvanian Plateau. This area corresponds almost entirely to the Târnave Plateau, crossed by Târnava Mare and Târnava Mică, continued to the West with the united Târnavas, whose affluents fragmented the landform in a multitude of hilly complexes with various orientations, exhibitions and declivities. This vineyard runs between the coordinates of 46°32 ' North latitude and 24°48' Eastern longitude. The predominant soil in this vineyard is aluvisol. The Iaşi vineyard is located in the east-northeast of the Moldavian Plateau, in the contact area of the Colinar Plain of Moldova with the Central Moldavian Plateau. The vineyards are located in the Colinar Plain of Moldova and on the transitional coast of the Central Moldavian Plateau, namely the coast of Iaşi (represented by the eastern sector of the Repedea coast) and the Faţa Prutului (Tomeşti-Bohotin sector). The predominant soil in this vineyard is chernozemic soil. Ştefăneşti-Argeş Vineyard is located in the contact area of Cândeşti Plateau with the Romanian Plain, respectively on the frontal hills of this plateau and the terraces from the left of Argeş between Piteşti and Găieşti. It is shaped as a discontinuous strip in the direction of NV-SE, with a length of about 35 km and an average width of 15 km. The predominant soil in this vineyard is chernozemic soil (Cotea et al., 2000) . The ecoclimatic conditions of the studied areas were presented by Bora et al. (2016b) .
Sample collection
Soil sampling was carried out on the depth of the soil profile at 0-10 cm, 10-20 cm, 20-30 cm, 30-40 cm, 40-50 cm and 50-60 cm during 2016. Soil samples were collected using stainless steel shovels and were stored in individual black plastic bags (darkness). All samples were taken in triplicates from the defined experimental plot. Soil samples have been brought first to sandsize material (< 2 mm) using a jaw crusher then mechanically split to obtain a representative samples and eventually pulverized to powder-size, grain-size smaller than 100 µ (< 400 mesh), using a ball mill. Agate ball mill is used in place of any other pulverization metal device to avoid possible trace element contamination. Soil samples before splitting and pulverization have been dried at 60 0 C.
Soil sample preparation
The soil samples were dried, homogenized and then passed through a 20-mesh sieve to obtain very fine particles. The method for microwave digestion using a Milestone START D Microwave Digestion System, was optimized in a previous work (Bora et al., 2018) : 0.25 g soil, 9 mL of 65% nitric acid, 3 mL of 100% hydrofluoric acid and 2 mL of 37% hydrochloric acid were placed in a clean Teflon digestion vessel. The vessel was closed tightly and placed in the microwave. The digestion was carried out with the program described in Table 1 .
Microvinification process
The samples of grapes was harvested in 2016, were destemmed and crushed, then transferred to a microfermentor (50 L cylindrical glass container, covered with aluminum foil to limit the effect of the light over the must) equipped with a fermentation airlock. Fermentation took place at 21-23 °C and humidity 56-60%. Afterwards wine was clarified by means of bentonite (1 g/L) and combined with SO 2 up to 100 mg/L. Then wines were allowed to cool for thirty days at -5 °C for cold stabilization (Donnini et al., 2016) . Then wine samples were stored in glass bottles at 5-6 °C until the analyses.
Average data from three vinifications per cultivar are reported (Bora et al., 2016) .
Wine sample
The wine samples were taken from freshly opened bottles and prepared by a specific organic matter digestion. 2.5 mL of wine were weighed inside Teflon digestion vessels and 2.5 mL of 65% nitric acid added. Teflon digestion vessels were previously cleaned in nitric solution to avoid cross-contamination. The vessels already capped were placed in a microwave oven followed by the application of the program (Tab. 1), optimized in a previous work (Bora et al., 2018) . After cooling to ambient temperature, the microwave oven was opened and the content was quantitatively transferred into a 50-mL volumetric flask and brought to the volume with ultra-pure water. All the elements were measured from these extraction solutions by ICP-MS.
ICP-MS analysis
Analytical measurements were performed using an inductively coupled plasma mass spectrometer (I Cap Q ICP-MS Thermo Fisher Scientific) equipped with an ASX-520 autosampler, a micro-concentric nebulizer, nickel cones and peristaltic sample delivery pump, running a quantitative analysis mode. Each sample was analyzed in duplicate and each analysis consisted of seven replicates. The gaseous argon and helium used to form the plasma in the ICP-MS was of 6.0 purity (Messer, Austria). The heavy metals were measured by using a multi-element analysis after appropriate dilution using an external and standard calibration. The calibration was performed using XXI CertiPUR (109488/1 100 For quality control purpose, blank and triplicate samples (n = 3) were analyzed during the procedure. The variation coefficient was under 5% and detection limits (ppb) were determined by the calibration curve method. Limit of Detection (LoD) and Limit of Quantification (LoQ) were calculated according to the next mathematical formulas: LoD = 3SD/s and LoQ = 10 SD/s (SD = estimation of the standard deviation of the regression line; s = slope of the calibration curve) (Tab. 2). The recovery assays for the must and wine sample of 5 µg/L, for three replicates of this level of concentration (n = 3) gave the average recovery R% between 87.32% and 100.26%. The recovery for the soil and plant material samples of 5 µg/L, for three replicates of this level of concentration (n = 3) gave the average recovery R% between 83.41% and 109.02%.
The solution was sprayed into flowing argon and passed into a torch which was inductively heated, where the gas was atomized and ionized, forming plasma, which provides a rich source of both excited and ionized atoms. In ICP-MS, positive ions in the plasma were focused to a quadrupole mass spectrometer. The method was previously optimized by evaluation of the advantages and limitations of ICP-MS quantitative operational mode for multi-element analysis of wines. Optimum instrumental conditions for ICP-MS measurement are summarized (Tab. 3). The instrument was daily optimized to give maximum sensitivity for M + ions and the double ionization and oxides monitored by the means of the ratios between Ba 2+ /Ba + and Ce 2+ /CeO + , respectively, these always being less than 2%. The calibration standards were prepared from the multielemental standard solution, ICP Multi Element Standard Solution XXI CertiPUR, in five concentration levels 2.5, 5, 10, 25 and 50 µL. 
Reagents and solutions
High purity ICP Multi Element Standard Solution XXI CertiPUR obtained from Merck (Darmstadt, Germany) was used for the calibration curve in the quantitative analysis. The ICP Multi Element Standard Solution XXI CertiPUR was mixture of 10.00 mg/L of As, Cr, Co, Cu, Sr and 10.10 mg/L U, Ni, and also 9.90 mg/L Cd, Zn, Pb, Hg. HNO 3 69% (w/v), concentrated HF and HCl, reagent grade from Merck and ultrapure water with a maximum resistivity of 18.2 MΏ cm -1 , obtained from Milli-Q Integral ultrapure water-Type 1 were used for sample treatment and sample dilution.
Statistical analysis
Concentration of the compounds was evaluated by statistical methods using the Duncan test, SPSS Version 24 (SPSS Inc., Chicago, IL., USA). The statistical processing of the results was primarily performed in order to calculate average and standard deviation. This data was interpreted with the analysis of variance (ANOVA) and the average separation was performed with the DUNCAN test at p ≤ 0.005. Heat map, translocation factor and mobility ratio was performed using Microsoft Excel 2016 and XLSTAT Addinsoft version 15.5.03.3707.
Translocation factors
Trace metal translocation factor (TF) in Vitis vinifera was determined by the equation (TF g-m = C must / C soil ; TF w-m = C wine / C must; as the ratio between must-soil respectively wine-must. TF > 1 indicates that Vitis vinifera L. translocate metals effectively from soil to plants parts (canes, leaves and grapes) and also in must and wine (Serbula et al., 2012) . TF < 1 shows that vitis vinifera exclude metals from uptake (excluder) (Mingorance et al., 2007) . The mobility ratio (MR) in Vitis vinifera was used to determine the ratio of heavy metals concentration (C plant , mg/kg) in plant parts (grapes) to the concentration level of the acidsoluble metal fraction (C soil -m , mg/kg) in the topsoil MR = C plant / C soil-m . MR > 1 indicates that Vitis vinifera translocates metals effectively from soil to plants parts (canes, leaves and grapes) and also in must and wine (Serbula et al., 2012) . MR < 1 shows that Vitis vinifera exclude metals from uptake (excluder) (Mingorance et al., 2007) .
Results and discussions
Previous studies showed that copper seemed to be predominantly transported by suspended matter in runoff water (Xue et al., 2000) , which can be related to the affinity of copper for sorption onto some components like organic matter, clay minerals and hydrous metal oxides (Flemming and Trevors, 1989) . Suspended particulate matter (SPM) transported during these events is deposited in the main channel during recession periods of discharge forming stream bed sediments (BS). BS are considered as representative as soils they originate from and the analysis of BS finest fraction (< 63 µm) gives an integrative view of SPM transported by rivers (Gaiero et al., 2003) . The DONICI et al. Figure 1 . Heat map obtained by cluster analysis of the copper content in vineyard soils total amount of Cu in sol, BS and SPM gives little information on its availability. Copper may exist as different chemical forms that have different chemical binding. In natural form, Cu is derived mainly from parental rock forming minerals (Jenkins and Jones, 1980) and when bound to silicates and oxides among primary minerals forming relatively immobile species.
In Romania, in addition to copper sulphate there are other copper-based fungicides in use against fungal diseases in wine-growing, such as copper (I) oxide, copper oxichloride, copper hydroxide, copper-hydroxide-potassium sulphate complex, copper-hydroxide-Ca-chloride complex, combinations of copper and organic fungicides, and combinations of copper and mineral oils.
According to information accumulated so far, long-term use of copper fungicides in winegrowing results in ingression of significant quantities of copper, which remain in the surface soil layer at 0-0.2 cm , as confirmed by numerous of researchers. Arable soil usually contain Cu 5-30 mg/kg, while concentration of total copper in treated vineyards can range between 100 and 1500 mg/kg. Besnard et al. (2001) , determined that vineyard soils of France contain form 31 to 250 mg/kg of total copper. Pietrzak et al. (2004) , indicated that the use of copper fungicides led to an increase of total copper (250 mg/kg) in some vineyard soils in Victoria, Australia, while Wightwick et al. (2008) determined that copper concentration in Australian vineyard soils were generally much lower (6-150 mg/kg) than those reported in vineyard soil in parts of Europe (130-1280 mkg/kg). High concentrations of fungicide derived copper in orchard and vineyard soils have been reported from India (29-131 mg/kg) and Australia (11-320 mg/kg).
The bulk of copper accumulated in leaves and soil after treatment of the vine with copper fungicides returns to the surface layer of soil through tillage or the biological cycle (Deluisa et al., 1996; Flores-Velez et al., 1996; Vitanović et al., 2010) .
The average copper contents in soil, grape must and wine are presented in Table 4 , Table  5 and Table 6 . Firstly there can be noticed that vineyard soils at different depths had different copper contents, the surface soils (0-20) cm contained the highest copper amount, followed by medium level soils (20-40 cm), and then deep soils (40-60 cm) , in accordance with a previous report (Komárek et al., 2010) . This may be due to the fact that, the main source of copper in vineyard soils, copper fungicides are washed off from the aerial parts of grapes by rain and copper rarely degrades or sink in soils (Sun et al., 2016) , resulting in this phenomenon of copper accumulation. Secondly, the results indicate that copper could be transported to deeper soils, which might cause deep pollution, possible even that of ground water (Mirlean et al., 2007) . Thirdly, different vineyards showed significant differences in their copper contents, even though these vineyards were distributed in the same areas (Moldova area), with the same environmental and meteorological conditions.
In all the analyzed areas, the highest concentration of copper was recorded in soils planted with red grape varieties, especially on the surface of the soils, this shows that in the case of these varieties, more copper treatments were used than in the case of white grape varieties.
Type of plants is one of the most important influence factors on chemical composition in many food products , also in grapes and in wine (Sun et al., 2015) . Table 4 presents the copper content in the vineyard soil of the tested white an red varieties, at different depth. As can be observed the copper content of the grape varieties was different, indicating that different grape varieties and different vineyard production patterns all influence the level of copper in the soil. Previous reports have also demonstrated a varietal influence on vineyard soils content of copper (Provenzano et al., 2010; Vystavna et al., 2014 Vystavna et al., , 2015 .
The copper content of the studied grape varieties at different soil depths was diverse, such as Fetească neagră and Şarbă varieties from Iaşi vineyard exhibited a higher copper content than Fetească neagră and Băbească neagră in surface and medium soils. In the same vineyard, in soils planted with Merlot, the content of copper was higher in deep soils. This might be due to the translocation coefficients of copper, which was different for grape varieties (Vystavna et al., 2014 (Vystavna et al., , 2015 . As it is show in Table 4 , the copper content among white and red grapes soils was similar.
Heat map was used to discover sample groups, discover feature groups and also to discover related sample/feature groups. In case of copper distribution in the depth of the soil profile (horizontal dendrogram), the dendrogram clearly show two cluster, the first cluster is formed between the depth of 0-10 cm, 10-20 cm, 20-30 cm, 30-40 cm, and second cluster was formed from 40-50 cm, 50-60 cm depth. Based on this distribution we can say that the copper in vineyard soils recorded the highest concentration on the surface and medium soils and the lowest concentration DONICI et al. in the depth of the soil. The vertical dendrogram shows also two clusters. The first cluster is formed from the soil of Băbească neagră variety grown in Târnave and Iaşi vineyards and Fetească neagră from Dealu Bujorului vineyard, which were characterized by the highest concentration of copper. The second cluster was formed from the rest of the vine varieties analyzed. Băbească neagră variety from Târnave and Iaşi vineyards and Fetească neagră from Dealu Bujorului vineyard recorded the highest concentration of copper compared to the rest of the varieties. Based on these facts, it cannot be said that in all the analysed areas, the vine varieties for red wines presented the highest concentration of copper (Fig. 1) . The average copper concentration in grape must (Tab. 5) has varied between 2.20 to 2.69 mg/L in white varieties and 1.98 to 2.74 mg/L in red varieties. Firstly, between soils, the copper concentration in different vineyards was significantly different. Secondly, Murfatlar and Târnave vineyards showed the highest copper concentration in white and red grapes, while Iaşi vineyard showed the lowest copper concentration in both white and red grapes. In case of Murfatlar and Târnave vineyards, these results were similar to the soil results, indicating that the copper levels in the soil could influence the copper levels in grapes (Vystavna et al., 2015) . In Iaşi vineyard, results showed that there are differences between soil and grape content of copper, the concentration of copper in grape must may have other sources that the vineyard soils. Thirdly, the concentration of copper in all white and red grape samples were over MRL, with an average value of 2.42 mg/L in white grapes and 2.29 mg/L in red grapes, lower than levels previously reported in Italy For grape must (Tab. 5) no overall significant differences in copper content were observed between white and red grapes. The copper concentration range varied greatly in both white and red grapes, according to the findings of Provenzano et al., (2010) and Sun et al. (2018) . Additionally, as also in soils, significant varietal characteristics could be observed. Among white grapes, Fetească albă and Şarba showed the highest concentration of copper in must in Murfatlar vineyard, and lowest concentration of copper, for the same varieties in Iaşi vineyard. Among red grapes, Băbească neagră and Merlot from Dealu Bujorului vineyards registered the highest Ştefăneşti-Argeş vineyards recorded the lowest concentration of copper. The vertical dendrogram show also two clusters, the first cluster is formed from Merlot and Babească neagră, the second cluster was formed from all the rest of varieties, both white and red. Babească neagră and Merlot variety from Dealu Bujorului and Murfatlar recorded the highest concentration of copper compared to the rest of the varieties. Based on these results it cannot be concluded that in all the analyzed areas the vine varieties for red wines exhibited the highest concentration of copper (Fig.  2) .
Regarding wines (Tab. 6), in contrast with soils and grapes, the copper level in the red wine samples was significantly higher than in the white wine samples. These results are in contradiction with Provenzano et al. (2010) , Sun et al. (2018) which reported that white wines registered a higher copper concentration than red wines.
According to Sun et al. (2018) , the differences might be determined by the relatively reduced number of samples and thus could not fairly reflect the results, additionally, there were significant varietal differences in wines. Furthermore, mineral composition of wines was influenced by many factors, including the chemical and physical characteristics of the soil in which the vine grew, vine variety, capacity of the grapes to absorb mineral substances, such as irrigation and application of fertilizers, pesticides, herbicides and insecticides. Among wine samples, the white wine samples showed the same change trend as the soils and grapes. However, some small differences have been observed in the red wine samples. These results indicate that there are many other factors that might influence the copper concentration in wines, such as the biological specificity of the cultivars in the winemaking process (Vystavna et al., 2014 (Vystavna et al., , 2015 Sun et al., 2016; , the total concentration of copper fungicide applied during the production period and the number of days between the last application and the harvest (García -Esparza et al., 2006) .
In the case of copper content in wine (horizontal dendrogram), the dendrogram clearly show two clusters (Fig. 3 ). The first cluster is formed from Dealu Bujorului, Murfatlar, Târnave and Iaşi vineyards and the second cluster is formed from only the Ştefăneşti-Argeş vineyard. The vertical dendrogram show also two clusters, the first cluster is formed from Fetească regală, Fetească albă and Şarba and the second cluster is formed from Merlot, Băbească neagră and Fetească neagră.
This result indicated a clearly separation between white and red wines, as well as a separation between Ştefăneşti-Argeş and the rest of research areas. It can also be noticed that red wines registered the highest values of copper content in areas of Dealu Bujorului, Târnave and Iaşi, and lower values of copper content in wines from Ştefăneşti-Argeş area. The grapevine varieties for white wines recorded the highest concentration in Ştefăneşti-Argeş area compared to the rest of the research areas.
To characterize quantitatively the transfer of an element from soil to plant, the Partition Coefficient or Transfer Factor (TF) was used (Tab. 7). A prerequisite of the soil-plant transfer factor concept is the presence of a statistically significant relationship between the content of a given element in the soil and in the plant (Bunzl et al., 2000) . These values are needed for many assessment models to predict the concentration of an element for a given plant species at an anticipated contamination level in the soil (Bunzl et al., 2000) . TF describes the amount of an element expected to enter a plant from its substrate, under equilibrium conditions (Sheppard and Sheppard, 1985; Davis et al., 1998) . The translocation factor (TF) in Vitis vinifera L. represent an essential indicator that allows assessing the mobility of copper and the danger of the metal translocation to the edible parts of the grapevine.
The mobility ratio (MR) in Vitis vinifera L. was used to determine the ratio of copper concentration in grapes to the concentration levels of the acidsoluble metal faction in top soil. TF > 1 indicates that Vitis vinifera L. translocate metals effectively from soil to plant parts (canes, leaves and grapes) also in must and wine (Serbula et al., 2012) . TF < 1 shows that Vitis vinifera exclude metals from uptake (excluder) (Mingorance et al., 2007) . MR > 1 indicates that Vitis vinifera L. translocates metals effectively from soil to plant parts (canes, leaves and grapes) also in must and wine (Serbula et al., 2012) . MR < 1 shows that Vitis vinifera exclude metals from uptake (excluder) (Mingorance et al., 2007) .
Mean values of translocation factor and mobility ratio for copper in Vitis vinifera L. for all the sampling sites are given in Table 4 . Values for Transfer Factor (TF) but also for Mobility Ratio (MR) indicates that Vitis vinifera L. does not allow the accumulation of copper for vineyard soil, in must grape and in wine. This result indicated that there are many other factors which influence the copper concentration in wines, such as the biological specificity of the cultivars in the winemaking process (Vystavna et al., 2014 (Vystavna et al., , 2015 Sun et al., 2016; , the total concentration of copper fungicide applied during the production period and the number of days between the last application and harvest (García-Esparza et al., 2006) .
Conclusion
The copper pollution in grape must and wine from the investigated area was analysed. For all the studied areas, the values of copper pollution in vineyard soils were above the Maximum Admissible Limits (20 mg/kg (MAL)). In all grape must and wine samples, the obtained values of copper content were below the Maximum Admissible Limits (1 mg/kg (MAL)). The copper concentration in the red wine samples was significantly higher than in the white wine samples.
Values of Transfer Factor (TF) and Mobility Ratio (MR) indicate that Vitis vinifera L. does not allow the accumulation of copper from vineyard soil in must grape and wine. The geographical location and the variety significantly influenced the copper content in vineyard soils, grape and wine. Additionally, amongst the copper level in the vineyard soils, in grape must and in wines were highlighted certain correlations.
The copper concentration in vineyard soils and other factors such as the biological specificity of cultivars during growth, the total amount of copper fungicide applied during the production period, the number of days between the last application and harvest, and also the varietal characteristics in winemaking process codetermined the copper concentration in grape must and in wines.
